To evaluate the effect of laparoscopic or open colectomy with fast track or standard perioperative care on patient's immune status and stress response after surgery. Methods: Patients with nonmetastasized colon cancer were randomized to laparoscopic or open colectomy with fast track or standard care. Blood samples were taken preoperatively (baseline), and 1, 2, 24, and 72 hours after surgery. Systemic HLA-DR expression, C-reactive protein, interleukin-6, growth hormone, prolactin, and cortisol were analyzed. Results: Nineteen patients were randomized for laparoscopy and fast track care (LFT), 23 for laparoscopy and standard care (LS), 17 for open surgery and fast track care (OFT), and 20 for open surgery and standard care (OS). Patient characteristics were comparable. Mean HLA-DR was 74.8 in the LFT group, 67.1 in the LS group, 52.8 in the OFT group, and 40.7 in the OS group. Repeated-measures 2-way analysis of variance (ANOVA) showed this can be attributed to type of surgery and not aftercare (P = 0.002). Interleukin-6 levels were highest in the OS group. Repeated-measures 2-way ANOVA showed this can be attributed to type of surgery and not aftercare (P = 0.001). C-reactive protein levels were highest in the OS group. Following repeated-measures 2-way ANOVA, this can be attributed to type of surgery and not aftercare (P = 0.022). Growth hormone was lowest in the LFT group. Following repeated-measures 2-way ANOVA, this can be attributed to type of aftercare and not to type of surgery (P = 0.033). No differences between the groups were seen regarding prolactin or cortisol. No differences in (infectious) complication rates were observed between the groups. Conclusions: This randomized trial showed that immune function of HLA-DR in patients undergoing laparoscopic surgery with fast track care remains highest. This can be attributed to type of surgery and not aftercare. These results may indicate a reason for the accelerated recovery of patients treated laparoscopically within a fast track program as described in the LAparoscopy and/or FAst track multimodal management versus standard care (LAFA-Trial) (www.trialregister.nl, protocol NTR222). (Ann Surg 2012;255:216-221) T he first minimally invasive colon resection was described in 1991 by Jacobs et al. 1 The short-term advantages of minimally invasive colon resection have been well established in several randomized From the
trials. [2] [3] [4] [5] However, major surgery still remains associated with postoperative morbidity and adverse effects such as pain, and cardiopulmonary, infective, and thromboembolic complications. A major factor in the development of morbidity is the surgical stress response with subsequent increased demand on the patient's reserves and immune competence. Increased demands in organ functions are thought to be mediated by trauma-induced endocrine and metabolic changes.
Human leukocyte antigen (HLA)-DR expression on monocytes is a measure for immune competence and is associated with adequate presentation of antigen and specific immune response in humans. Levels of C-reactive protein (CRP) and cytokines are closely related with the inflammatory response and the extent of the inflamed tissue involved, and with the activity of the immune reaction. Interleukin-6 (IL-6) levels are associated with postoperative complication rates and are a predictor of morbidity after surgical intervention. Previously, Harmon et al 6 and Wu et al 7 have described lower IL-6 levels after laparoscopic colectomy in smaller trials. Schwenk et al 8 reported lower concentrations of both IL-6 and CRP after laparoscopic colectomy.
After the introduction of minimally invasive techniques, in 2001, Kehlet and colleagues introduced the second major advancement in modern elective colorectal surgery; the implementation of the fast track perioperative care. [9] [10] [11] The fast track recovery program comprises a multidisciplinary approach aiming to reduce surgical stress response, enhance immune function, and thereby reduce organ dysfunction and allow for a faster recovery after surgery. 9 To date, there is little evidence for a better-preserved immune status, which is in line with the observed lower morbidity and faster recovery of minimally invasive colectomy. In addition, no previous studies have investigated immune status and stress response after fast track recovery programs. Hence, the aim of this study was to evaluate the effect of laparoscopic or open colectomy with fast track or standard perioperative care on patient's immune status and stress response after surgery.
PATIENTS AND METHODS
Eligible patients were those with a histologically confirmed malignancy or adenoma planned for an elective, segmental, curative colectomy. Patients had to be between 40 and 80 years of age with American Society of Anaesthesiologists grades I through III. Patients with a previous midline laparotomy, emergency surgery, a planned stoma, or immune depressant disease or medication were excluded from this study. Once informed consent was obtained, patients included in the VU University Medical Center and Academic Medical Center were randomized. This was done as a substudy of the LAparoscopy and/or FAst track multimodal management versus standard care (LAFA-Trial), a randomized trial set up as a 2 × 2 balanced factorial design. 12 Randomization was achieved by means of an Internet module. Patients were randomized to 4 different treatment groups; laparoscopy and fast track care (LFT), laparoscopy and standard care (LS), open surgery and fast track care (OFT), and open surgery and standard care (OS).
The study was conducted in accordance with the principles of the Declaration of Helsinki and the present protocol was approved by the local medical ethics review boards (protocol NTR222). 12 Peripheral blood and serum (BD Vacutainer Systems, Plymouth, United Kingdom) were collected preoperatively (baseline), 1, 2, 24, and 72 hours after surgery. All samples had to be collected within 10 minutes of the exact preset postoperative times. Transportation of the serum to the laboratory had to be accomplished within 10 minutes. Serum IL-6, CRP, prolactin, cortisol, and growth hormone samples were obtained by centrifugation for 10 minutes at 3000 rpm at 4 • C. All samples were stored in aliquots at −80 • C until tested in a 1-block fashion. HLA-DR expression on monocytes was analyzed directly on full-blood samples.
Immune Status

HLA-DR Expression on Monocytes
Numbers and phenotype of white blood cells and monocytes were determined in fresh (<2 hours) heparinized venous blood. Phe 
IL-6
IL-6 concentrations in serum were measured using commercially available enzyme-linked immunosorbent assay kits (Pelikine compact human ELISA kits; Sanquin, Amsterdam, The Netherlands).
C-Reactive Protein
Plasma CRP levels were measured by immunoturbidimetric method, using the BM/Hitachi 705 (Boehringer, Mannheim, Germany).
Stress Response Cortisol
Cortisol concentrations in serum were measured by competitive immunoassay (Bayer Diagnostics, Mijdrecht, The Netherlands).
Prolactin
Prolactin concentrations in serum were measured by immunometric assay (Diagnostic Products Corporation, Los Angeles, CA).
Growth Hormone
Growth hormone concentrations in serum were measured by immunometric Assay (Bayer Diagnostics).
Statistical Analysis
Statistical analysis was performed using the SPSS software package (SPSS 16.0 for Windows; SPSS, Chicago, IL). Medians, means, percentages, and ranges were calculated and subsequently depicted when appropriate. Chi-square tests, Kruskal-Wallis tests, and analysis of variance (ANOVA) tests were applied for group comparison when appropriate. Because of large numbers, in some tables data are presented as percentage from baseline levels, this is clearly labeled. The repeated-measures 2-way ANOVA was used for evaluation of the 2 × 2 factorial design on raw data. An intention-to-treat principle was applied; therefore, conversions were still analyzed in the laparoscopic group. Immune and stress response parameters were found to have a skewed normal distribution. Therefore, calculations were executed on the 10 log and subsequent ratios of the original parameters giving a better normal distribution for calculations. Significance was set at P < 0.05.
RESULTS Patients
A total of 79 patients were randomized. Nineteen patients were randomized for LFT, 23 for LS, 17 for OFT, and 20 for OS ( Fig. 1 ). All patients allocated to a group were entered and observed. Patient characteristics in terms of age, body mass index, sex, American Society of Anaesthesiologists classification, or operative procedure were comparable for all groups and are depicted in Table 1 . Of all bloodsample accrual times described by protocol, 94.7% of samples were collected and analyzed on time as described by study protocol. Missing values were mainly caused by time delay and subsequently arrived at the laboratory outside the time interval (10 minutes) indicated by protocol. These samples were therefore not analyzed.
Immune Status
All values for immune competence are depicted in Table 2A . Monocyte HLA-DR expression was used as a parameter for surgeryinduced attenuated immune competence. HLA-DR expression remained highest in the LFT group for all postoperative time intervals (Table 2A ; Fig. 2 ). Mean HLA-DR expression on monocytes for the combined postoperative time intervals is depicted in Table 2B . Following repeated-measures 2-way ANOVA, this can be attributed to type of surgery and not aftercare. No interaction was found between type of surgery and aftercare. (Table 2C.) IL-6 levels were used as a parameter for extent of inflamed and damaged tissues. IL-6 levels were highest in the OS group for all postoperative time intervals (Table 2A ; Fig. 3 ). Mean IL-6 level for the combined postoperative time intervals is depicted in Table 2B . Following repeated-measures 2-way ANOVA, this can be attributed to type of surgery and not aftercare. No interaction was found between type of surgery and aftercare. (Table 2C.) C-reactive protein levels were used as a parameter for extent of inflamed and damaged tissues. C-reactive protein levels were highest in the OS group for all postoperative values (Table 2A and Fig. 4 ). Mean CRP level for the combined postoperative time intervals is depicted in Table 2B . Following repeated-measures 2-way ANOVA, this can be attributed to type of surgery and not aftercare. No interaction was found between type of surgery and aftercare. (Table 2C .)
Stress Response
Growth hormone was lowest in the LFT group (Table 2A) . Mean growth hormone level for the combined postoperative time intervals is depicted in Table 2B . Following repeated-measures 2-way ANOVA, this can be attributed to type of aftercare and not surgery. No interaction was found between type of surgery and aftercare. (Table 2C .) Prolactin and cortisol levels did not differ during the postoperative follow-up.
Operative and Hospital Data
Duration of the operative procedure was significantly longer for laparoscopy, whereas blood loss was significantly lower. In-hospital morbidity for the first 72 hours was similar for all groups. One patient in the LS group required a conversion because of a bulky tumor with of surgery and not aftercare. Regarding stress response, only growth hormone showed different postoperative values. Growth hormone was lowest in LFT. Following repeated-measures 2-way ANOVA, this can be attributed to type of aftercare and not surgery. No differences were observed for prolactin and cortisol levels.
These results might reflect a biological substrate to the longstanding question as to why patients undergoing minimally invasive techniques have been described to have an accelerated recovery. 9, 13 As described in the LAFA trial results, 12 patients treated laparoscopically with fast track perioperative care have an accelerated recovery and are discharged fastest without significant differences in morbidity. In the LAFA trial, it was also shown that the accelerated recovery is correlated more to type of surgery and less to aftercare. These results are comparable in this study.
In addition, a better-preserved immune competence, including specific HLA-DR immune response, may protect against potential consequences of seeding free tumor cells and thus distant metastases. 14 important during surgery, as circulating tumor cells are highest directly after the onset of surgery. It will therefore be interesting to investigate whether patients with better postoperatively preserved immune competence will have a lower cancer recurrence rate during follow-up.
The complex interaction between inflammatory cytokines and the hypothalamic-pituito-adrenal axis is still difficult to assess. In this study, growth hormone was lowest in LFT. Following repeatedmeasures 2-way ANOVA, this can be attributed to type of aftercare and not surgery. However, cortisol and prolactin were not different between the groups. Therefore, the fast track theory including a reduced stress response due to high epidural anesthesia, which was difficult to prove because of conflicting outcomes in the present study. 10, 11 However, cortisol, growth hormone, and prolactin are anterior pituitary hormones and secretion is stimulated by hypothalamic releasing factors. 13, 16 Therefore, the standard epidural in fast track recovery programs may not have had any effect on these hormones. It would be interesting to evaluate the secretion of catecholamines and/or its metabolized products in future studies as the epidural would have been more likely to have had an effect on these adrenal gland stress hormones. Morbidity within 72 hours was lower in the laparoscopic group with fast track perioperative care, but did not reach a statistical difference between the 4 groups. It is, however, unlikely that the clear differences in immune response are simply based on morbidity percentages. The hypothesis that laparoscopic surgery in combination with fast track perioperative care reduces demand on the patient's immune reserves is supported by the results of this study. Other authors have described lower morbidity after fast track postoperative care. 17 In this study, 94.7% of all samples were obtained and analyzed according to study protocol. All obtained samples were analyzed in a 1-block analysis; therefore, the presented differences could not have been due to altered analyzing techniques or modified analyzing apparatus.
Smaller trials investigating immune response after laparoscopic and open colectomy have previously been presented. Harmon et al 6 were the first to describe differences in postoperative IL-6 levels when laparoscopic colectomy was compared with open techniques in favor of laparoscopic surgery. Wu et al 7 measured cytokine levels both in serum and peritoneal drain fluid and found significantly lower levels of IL-6 after laparoscopic surgery confirming the previous studies. A randomized study by Schwenk et al 8 showed significantly lower peak concentrations of IL-6 and CRP 2 days after laparoscopic colon surgery. To our knowledge, no previous randomized studies have presented advantages for laparoscopic colectomy in HLA-DR presentation on monocytes. In addition, no previous studies have investigated the effect of fast track perioperative care on patient's postoperative immune status.
In conclusion, this randomized trial showed that immune function is different in patients undergoing laparoscopic or open colectomy with or without a fast track program. After LFT, HLA-DR expression on monocytes was highest. Inflammatory values were highest after OS. These differences in immune competence and inflammatory response seem to be correlated to type of surgery and not to aftercare.
